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Flares and Coronal Mass Ejections 
Powerful flares are often accompanied by CMEs in the active regions. 
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Flares and CMEs – cont. 

Short duration flares –  
no significant 
eruptions/CMEs  

Long duration flare – 
usually followed by 
CMEs  



Space Weather Bootcamp 2018 

Coronal Mass Ejection  
from a Filament Eruptions 

The most energetic CMEs 
occur in close association 
with powerful flares in the 
active regions. 

Nevertheless large-
scale CMEs do occur 
in the absence of major 
flares even though 
these tend to be slower 
and less energetic. 
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CME Properties 
•  Mass: ~1015-16 g
•  Speed: few hundred - 3000km/s

..or
•  Mass: ~1 million Nimitz-class aircraft carriers
•  Speed: 1.5 -10 million km/hour

•  Arrives to Earth in 1-2 days
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CME score 
• A new category system for CMEs based on frequency of detection and speed
• Complements Flare Classes
• Applicable in space weather operations and research
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Quick quiz  

What do you think is 
causing CME?
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CME Mechanism 

Magnetic field at the base of the 
convective zone is stressed and 
pushed to surface due to 
convection motion

Newly emerged magnetic field 
interacts with the existing field, 
reconnection/reconfiguration  
takes place, leading to heating, 
flares and eruptions/CMEs

Magnetic Reconnection – the release 
of free magnetic energy, transformed to 
heat and particle acceleration
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CME Interaction with  the 
Earth’s Magnetic Field 
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CME Arrival at the Earth – 
Geomagnetic Storms 

CME Arrival at
 ACE/Discover
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Geomagnetic Storm Kp Index  

Kp – index  (German “Kennziffer” – characteristic digit) 
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CME Modeling –  
Space Weather Storms  
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Quick Quiz 

What physical parameters of  
CME do you think are 

important for the strength of 
the geomagnetic storm?
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CME: Space Weather Impacts -
Magnetopause Compression 
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CME: Space Weather Impacts – 
Geomagnetic Storm, GIC 

Lasts few hours to 1-2 d  after CME arriving at Earth

15 

Geomagnetically Induced currents

15 

An average CME can dump about 
1,500 gigawatts of electricity into 
Earth’s atmosphere—about twice the 
power-generating capacity of the 
entire United States! 

Electric blackout

445 
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small gaps.  The response of a reactor to GICs could be 

similar to the response of a three-limb transformer, with the 

core gap of a reactor having a similar effect to the core-tank 

gap of the transformer.  Despite the relatively high reluctance 

of the magnetic path compared with a closed-core, some 

quasi-dc GIC will flow through a reactor and, as for a 

transformer, the response will be determined by the 

construction details.  Koen and Gaunt [16] reported reactor 

failures and elevated levels of dissolved gas closely associated 

with exposure to geomagnetic storms, although “the failure of 

reactors due to GICs appears not to have been reported and is 

generally unknown”. 

While the practical measurements on the MTS 

demonstrated saturation of transformers that were previously 

expected to be unaffected by GICs, there has been no practical 

demonstration of a direct association between GICs and the 

initiation of gassing in transformers.  However, in November 

2003 this changed, with elevated levels of dissolved gas in 

several transformers being closely associated with a major 

storm. 

V THERMAL DAMAGE BY GICS DURING NOV 2003 

The condition of twelve 400 kV GSU transformers, each 

rated 700 MVA, at the Tutuka and Matimba power stations 

and six 275 kV GSU transformers at Lethabo power station is 

checked regularly, with some units equipped with on-line 

DGA instruments.  After the severe geomagnetic storm at the 

beginning of November 2003, often referred to as the 

“Halloween storm”, the levels of some dissolved gasses in the 

transformers increased rapidly.  A transformer at Lethabo 

power station tripped on protection on 17 November.  There 

was a further severe storm on 20 November.  On 23 

November the Matimba #3 transformer tripped on protection 

and on 19 January 2004 one of the transformers at Tutuka was 

taken out of service.  Two more transformers at Matimba 

power station (#5 and #6) had to be removed from service 

with high levels of DGA in June 2004.  A second transformer 

at Lethabo power station tripped on Buchholz protection in 

November 2004. 

The DGA records are not the same for all the transformers, 

but all of them show a sharp change at the end of October 

2003, when the first storm occurred.  Based on the DGA 

records, most of the transformers at these power stations 

appear to have been damaged by the effects of the  

geomagnetic storms.  The DGA record for one of the 

Matimba transformers, shown in Fig 5, is fairly typical.  Gas 

levels fell when the transformer loading was reduced 

following the sharp increase after 31 October.  By August 

2004, about 10 months after the storm, this transformer had 

not yet failed, although damage was evident from the 

generation of gases.   
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Fig 5:  DGA results Matimba #1: May 2003 to June 2004  

Although absolute levels of gas are low, the DGA results of 

the Tutuka and Matimba transformers produce ratios that are 

consistent with low temperature thermal degradation as 

described by Mollmann and Pahlavanpour [17] and Saha [18].  

Typically, on four apparently damaged transformers: 

Ethylene:methane C2H4 / CH4 = 0,2 - 0,9 

Ethane:methane C2H6 / CH4    = 0,2 - 1 

Methane:hydrogen CH4 / H2    = 2 - 5 

Ethylene:ethane C2H4 / C2H6   = 0.4 - 4.6 

Acetylene C2H2 negligible 

In the transformer depicted in Fig 6 the level of CO2, a 

product of low temperature degradation of cellulose, was 

approximately 10 times higher than the level of CO.  

Relatively higher CO or ethylene content would indicate 

higher temperature degradation. 

Inspections of all the failed transformers identified heat 

damage, mostly to paper insulation, in various parts of the 

transformers, as illustrated in Figs 6 to 8.  The damage is 

consistent with the DGA results.  In all cases, the extent of the 

damage appears to be small, and discoloration of paper 

insulation beyond the immediate vicinity of the fault is 

superficial, which explains why the absolute levels of 

dissolved gas are low - even below the threshold considered 

significant for most DGA assessment. 

 

Fig 6: Failure in HV winding of Lethabo #6 Fig 7:  Failure in HV winding of Matimba #4 Fig 8:  Overheating of LV terminals of Tutuka #1 

 

Transformer
damage
saturation
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CME Space Weather Impacts –  
Radiation Belts  

Geomagnetic storms result in electron radiation 
enhancement in the near-Earth space: lasts 1-3 
days

Affecting spacecraft 
electronics – surface 
charging/internal 
charging

16 
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CME Space Weather Impacts - 
SEP 

Contributes to SEP (particle radiation):  
20-30 minutes from the occurrence of the 
CME and after the CME arrival

17 
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The END.
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